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We propose a scheme of spin transistor using a T -shaped structure with local Rashba interaction.
A wide antiresonance energy gap appears due to the interplay of two types of interference, the
Fano-Rashba interference and the structure interference. A large current from the gap area can be
obtained via changing the Rashba strength and/or the length of the sidearm by using gate voltage.
The robustness of the antiresonance gap against strong disorder is demonstrated and shows the
feasibility of this structure for the real application.
PACS numbers: 85.75.-d, 73.23.Ad, 72.25.-b
Spin-polarized electron transport has attracted much
attention recently due to the promising application of
spintronic devices.1 One of such devices, the Datta-Das
spin field effect transistor,2 was proposed by utilizing
the spin precession due to the Rashba effective mag-
netic field.3 After that, the role of the Rashba spin-orbit
coupling (SOC) in ballistic transport systems has been
extensively studied.4 Very recently, the effect of local
Rashba spin-orbit interaction in quasi-one dimensional
quantum wires was investigated.5 As reported, there ex-
ists at least one bound state localized in the vicinity of
the Rashba region due to the equivalent attractive po-
tential from local Rashba interaction. Such bound state
can interfere with direct propagating channels, leading to
the Fano asymmetric lineshapes6,7,8 of the transmission.5
Therefore, this effect was called the Fano-Rashba effect.
Similar Fano-type inference effect in the quantum wire
with an applied magnetic field was also reported, which
was based on the interplay of the transmission channel
with certain spin and the evanescent mode with opposite
spin.9 The transmission zero dip at Fano antiresonance
was proposed to be helpful in realizing spin transistor by
Sanchez et al. very recently.9 However, the robustness
of this proposal against the disorder, which is essential
for real application, remains questionable. In this report,
we will show that the occurrence of such dip is strongly
limited by the disorder. We further propose a scheme of
device using T -shaped structure10,11 with local Rashba
interaction. This device can provide a large energy win-
dow for antiresonance in contrast to single energy points
in the ordinary antiresonance devises, with strong robust-
ness against disorder.
A schematic of the waveguide in our study is shown in
Fig. 1, where a waveguide of length L with a sidearm pro-
truding from the center, is connected to the half-metallic
leads through perfect ideal ohmic contacts. We assume
the electron states at the Fermi level are all spin-down
ones in the leads, so that only spin-down electrons can
propagate into/out of the T -shaped structure. The ef-
fective length of the sidearm Ls can be adjusted elec-
tronically by a gate voltage Vg.
11 The finite width of
the waveguide Lw gives the propagation threshold as
the first quantized subband along the transversal direc-
tion. A perpendicular magnetic field is applied uniformly
on the whole device. This field shifts the energy spec-
trum by a Zeeman splitting Vσ = σV0. We neglect the
effect of magnetic field on orbital motion by assuming
the magnetic field is weak and hence the Landau level
is negligible. The interference of the different Feynman
paths makes it possible to realize spin transistor using
T -shaped structure.10 However, this kind of transistor
is also strongly limited by the disorder as we will show
later. In order to get a robust transistor, we further in-
troduce the local Rashba interaction as the gray area in
Fig. 1. From Fano-type interference effect due to the
local Rashba interaction, the transmission of the propa-
gating channel can also be strongly modulated, especially
at the Fano antiresonance.5,9 We demonstrate that when
the individual structure antiresonance and Fano antireso-
nance are close to each other, there exists a broad energy
window in which the conductance is zero, i.e., there ex-
ists an antiresonance energy gap. This is in contrast to
the single (specific) energy when only the structure or
Fano antiresonance is involved. Moreover, this antireso-
nance energy gap is very robust against the disorder. We
also find that a large current can be obtained in this gap
area by adjusting the Rashba coupling strength12 and/or
the length of the sidearm using the gate voltage. Such
features are very useful for the spin transistors.
We describe the T -shaped structure by the tight-
banding Hamiltonian with the nearest-neighbor approx-
imation
H =
∑
l,m,σ
ǫl,m,σc
+
l,m,σcl,m,σ − t
∑
l,m,σ
(c+l+1,m,σcl,m,σ
+c+l,m+1,σcl,m,σ +H.C.) +HR , (1)
with two indices l and m denoting the site coordinates
along the x and y axes, respectively. The lattice en-
ergy ǫl,m,σ = 4t + σV0, with the hopping energy t =
~
2/(2m∗a2) and the Zeeman splitting V0. Here m
∗ and
2FIG. 1: Schematic of T -shaped structure with local Rashba
interaction. The Rashba area is shown as the gray area. The
shadowed area stands for the gate used to tune the length of
the sidearm.
a stand for the effective mass and lattice constant sep-
arately. The last term in Eq. (1) describes the Rashba
SOC3,13
HR = λ
∑
l,m,σ,σ′
[c+l+1,m,σcl,m,σ′(iσ
σσ′
y )
−c+l,m+1,σcl,m,σ′(iσ
σσ′
x ) +H.C.] , (2)
in which λ = α/2a with α representing the Rashba coef-
ficient. The summations (l,m) in HR are performed only
in the gray area in Fig. 1.
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FIG. 2: (Color online) Conductance vs. the Fermi energy of
the leads (a) with different local Rashba SOC strengths when
La = Lb = 20a and (b) with different sidearm lengths when
La = 20a and λ/t = 0.13.
The two-terminal conductance is obtained from the
Landauer-Bu¨ttiker formula14
Gσσ
′
(E) = (e2/h)tr[Γσ1G
σσ′+
1N (E)Γ
σ′
NG
σ′σ−
N1 (E)], (3)
where Γ1(N) denotes the self-energy of the isolated ideal
leads and Gσσ
′
1N (G
σ′σ
N1 ) is the retarded (advanced) Green
function.15 For energy window [E,E + ∆], the current
is given by I =
∫ E+∆
E
G(ǫ)dǫ. We perform a nu-
merical calculation for a waveguide with fixed width
Lw = 20a. The hard wall potential in the transverse
direction gives the lowest energy of the nth subband
ǫn = 2t{1 − cos[nπ/(Lw/a + 1)]}. Throughout this re-
port, we take the Zeeman splitting energy V0 = 0.01t
and the Fermi energy Ef is regard to ǫ1 = 0.02234t. The
conductance G represents the conductance of the only
propagating spinor G↓↓.
In Fig. 2(a), the conductance G is plotted as a func-
tion of the Fermi energy at different Rashba coefficients
λ. In the calculation, Ls = La = Lb = 20a. The result
without the local Rashba SOC is plotted as the black
dashed curve, showing a transmission zero dip, i.e., the
structure antiresonance11,16 dip, at Ef ≃ 0.005t. The
presence of the local Rashba interaction also strongly in-
fluences the conductance and provides another transmis-
sion zero dip, i.e., the Fano antiresonance dip, as shown
by the remaining curves with λ 6= 0. One finds that
the Fano dip moves to small Ef region with the increase
of the SOC coefficient.9 The most interesting feature is
that when the Fano dip is close to the structure dip
(λ = 0.13t), a wide energy gap [0.0034t,0.0058t] for an-
tiresonance appears (see the blue solid curve). Moreover,
this gap can be turned off via changing the SOC coeffi-
cient. Specifically, there exists a peak at λ = 0.15t, which
gives a current I ≃ 3× 10−4e2t/h for the energy window
[0.0040t, 0.0045t], originally in the gap area. Therefore,
it can work as spin transistor with the on and off fea-
tures by tuning the Rashba strength with a gate voltage.
From Fig. 2(b), one can also see that the on and off fea-
tures of the transistor can also be remotely controlled by
changing the length of the sidearm Ls by another gate
voltage.11
We now show the feasibility of the above proposed de-
vice for real application by analyzing the robustness of
the antiresonance gap [i.e., the solid blue curve in Fig.
2(a)] against the Anderson disorder. The converged con-
ductance which is averaged over 3000 random configura-
tions is plotted in Fig. 3(a) against the Fermi energy
in the vicinity of the gap for different Anderson dis-
order strength W . From the figure, one can see that
the leakage conductance near the gap is extremely small
(G < 0.02e2/h) until the strength of the disorder ex-
ceeds 0.04t which is three times larger than the Zeeman
splitting. For the large disorder strength W = 0.04t,
the corresponding leakage current for the energy win-
dow [0.0040t, 0.0045t] is smaller than 1.5 × 10−5e2t/h,
more than one order of magnitude smaller than the
“on” current in the same energy interval. The leakage
current is even much smaller for W = 0.01t (0.02t),
i.e., I ≃ 7 × 10−7e2t/h (2 × 10−6e2t/h). For compar-
ison, we also check the robustness of the previous pro-
posed transistors.9,11 In Fig. 3(b), the results of T -shaped
structure without the local Rashba SOC are plotted.
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FIG. 3: (Color online) Conductance vs Fermi energy with
different disorder strengths W in the vicinity of the antires-
onance energy gap. (a) with both the Fano antiresonance
and the structure antiresonance; (b) with only the structure
antiresonance; (c) with only the Fano antiresonance.
The conductance increases rapidly with the strength of
the disorder, specifically, it reaches 0.05e2/h already at
W ∼ 0.02t. Similar feature is also obtained for the de-
vice with only the Fano antiresonance where the length
of the side arm Ls = 0 and λ = 0.13t, as shown in Fig.
3(c). Therefore, the transistors based on the structure
antiresonance or the Fano antiresonance alone are very
weak against the disorder and do not provide an energy
window, both in contrast to our new scheme which com-
bine both the Fano and the structure antiresonance to-
gether. We also checked the robustness of the antireso-
nance gap against the disorder of the Rashba SOC, and
obtained results very similar to the case with the on-site
disorder. The average leakage conductance in the gap
is about 0.01e2/h with a disorder strength W ′ = 0.5λ,
which is much smaller than the conductance with the
same disorder strength at the Fano-antiresonance point
in structure without sidearm (∼ 0.08e2/h).
In summary, we have proposed a scheme for spin
transistor by studying a T -shaped structure with local
Rashba SOC. Both leads are assumed to be half-metallic.
The relevant conductance can be strongly modulated by
the Fermi energy of the leads, the strength of the Rashba
SOC and the length of the sidearm. We have also demon-
strated that a wide antiresonance energy gap can be ob-
tained by adjusting the Fano antiresonance and the struc-
ture antiresonance close to each other. We propose that
our structure can be used as spin transistors, since a large
current can be obtained in the same antiresonance energy
gap region when the two types of the antiresonance are
tuned away from each other by either change the Rashba
coefficient and/or change the length of the side arm elec-
tronically. We also show the robustness of the antireso-
nance energy gap against the on-site disorder. The wide
working energy window (in contrast to a single energy)
and the much improved robustness against disorder sug-
gest the proposed structure has great potential for real
application.
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